Hepatocellular carcinoma (HCC) is the fifth most common cancer worldwide and the second cause of cancer related death due to latent liver disease, late diagnosis and non-available therapeutic treatment. Liver biopsy is still the gold standard in order to know the molecular biology of the tumor, its behaviour and invasive characteristics. Conventional diagnosis methods for HCC detection include imaging and serological tests with low sensitivity and specificity. In this review, we focus on the potential utility of certain serum biomarkers and a new approach, "liquid biopsy", in the management of HCC patients.
INTRODUCTION
Liver cancer, known as well as hepatocellular carcinoma (HCC), is the fifth most common type of cancer worldwide and the second cause of cancer related death [1, 2] . Despite recent development of a diagnostic technics and treatment methods, the prognosis of HCC remains poor. Many patients are diagnosed when HCC is in advanced stages or due to an underlying liver disease, which results in less time for an appropriate treatment [3] . Conventional diagnosis methods for HCC detection include imaging and serological test with low sensitivity and specificity [4] . In this review we provide a briefly outline of HCC serological biomarkers [ Table 1 ] and highlight the recent development of circulating cancer byproducts detection: liquid biopsy.
CONVENTIONAL SERUM TUMOR MARKERS

Alpha-fetoprotein
Alpha-fetoprotein (AFP) is a glycoprotein that transports a great variety of molecules, and it is usually produced during fetal and neonatal development by the liver, yolk sac and gastrointestinal tract. Once it reaches its maximum concentration in the second trimester, its levels decrease until it is only detected in small amounts in serum [5] . Elevated levels of AFP in adulthood can be related to malignant diseases, such as HCC and other gastrointestinal, pancreatic, biliary, nonseminomatous germ-cell testicular, and germ cell ovarian cancers [6] . However , an increase of serum AFP levels can be expected in non-neoplasic conditions, such as pregnancy, cirrhosis (11%-47%) or acute hepatitis (30%-50%) [7] .
If we use a cut-off of 20 ng/mL, the sensitivity and specificity values of AFP 12 months prior to the time of HCC diagnosis are 47% and 75% respectively, while at the time of diagnosis, those values rise to 61% in the case of sensitivity and 81% in the specifity variable [8] . However, if we increase the cut-off to 200 ng/mL, we improve the specificity to 100%, at the expense of decreasing sensitivity.
On the other hand, Marrero et al. [9] , carried out a case-control study among patients with compensated cirrhosis and patients with HCC [both hepatitis C virus (HCV+)], concluding that AFP had the best area under the receiver operating characteristic (ROC), curve [0.80, 95% confidence interval (CI): 0.77-0.84], with a cut-off of 10.9 ng/mL, for early stage HCC (BCLC stages 0 and A).
At present, AFP is used as a complementary biomarker to ultrasonography (US) for HCC surveillance, although clinical guidelines only recommend the last one [10, 11] . However, according to a recently published meta-analysis [12] , where 38 observational cohort studies that evaluated surveillance in patients with cirrhosis were included, it was observed that the use of US plus AFP improves detection of early-stage HCC compared with no surveillance [odds ratio (OR) = 2.16 (95% CI: 1.80-2.60)], while US alone had an OR of 2.04 (95% CI: 1.55-2.68); at the same time, US plus AFP had a risk ratio for improving survival of 1.86 (95% CI: 1.76-1.97), while US alone had a slightly lower risk ratio of 1.75 (95% CI: 1.56-1.98), although it was not statistically significant. There were no studies that directly compared US alone versus US plus AFP, and only 4 studies used US alone, while the rest of the studies relied on US and AFP at 6-month intervals.
Finally, in addition to early diagnosis, AFP can also predict the survival after liver transplantation (LT) in patients with HCC, as shown by She et al. [13] in a study conducted in 250 patients, in which survival is less than 5 years post-LT if AFP levels are higher than 400 ng/mL [66% vs. 85% (AFP < 10 ng/mL), P = 0.029].
Serum AFP level is correlated with the tumor size. In fact, 80% of small HCC (< 2 cm) do not show high levels of serum AFP. In the other hand, AFP levels can be increased in patients with chronic liver disease with a degree of hepatocytes regeneration such as HCV-infection that shows a high level of AFP in absence AFP: alpha-fetoprotein; DCP: des-gamma-carboxy prothrombin; GPC3: glypican-3; AUC: area under the curve; CI: confidence interval of malignancy [14] . For these reasons, some additional biomarkers for the diagnosis of HCC are needed to improve the sensitivity of AFP and solve these issues.
AFP lectin fraction (AFP-L3)
AFP exists as three glycoforms, according to its binding capability to Lens culinaris agglutinin lectin (LCA): AFP-L1 (non-binding fraction), AFP-L2 (weak binding fraction), and AFP-L3 (binding fraction) [15] . AFP-L1 is increased in chronic hepatitis and liver cirrhosis, whereas AFP-L3, that it´s only produced by cancer cells, is specifically increased in HCC [16] .
Regarding the way of measurement, "bound" and "free" AFP isoforms are separated by affinity liquid chromatography. The concentration of bound AFP-L3 is determined fluorometrically, and results are reported as percentage ratio of AFP-L3 to total AFP [17] . On the other hand, the cut-off used is 10%, observing values of 37%, 92%, 52% and 85% for sensitivity, specificity, positive and negative predictive value, respectively [4] . These values increase when they are combined with AFP and des-gamma-carboxy prothrombin (DCP) to 77%, 59%, 32% and 91% respectively. However, according to a recently published study, ROC curve analysis showed that the highest specificity and sensitivity of the studied parameters are achieved at cut-offs of 15% as well as combining AFP-L3 and p53 improves sensitivity to 95.4% with a specificity of 85% [18] .
Given that the sensitivity is markedly decreased when total concentration of AFP was < 20 ng/mL (difficulty in detection), Oda et al. [19] found a new way of measurement based on a microchip capillary electrophoresis and liquid-phase binding assay on a μ-ASWako i30 auto analyzer (Wako Pure Chemical Industries, Ltd., Osaka, Japan) that increased the sensitivity compared to the conventional measurement (12.5% vs. 44.6%), when using a cut-off value of 5%. Also, none of the benign liver disease patients with both serum AFP < 20 ng/mL and high sensibility-AFP-L3 < 5% developed HCC for a median follow-up of 35 months.
Finally, in a meta-analysis that included 12 studies that directly compared the diagnostic accuracy of serum AFP-L3 and AFP in the same population, it was found that, although the specificity for AFP-L3 (0.929) was increased vs. AFP (0.856), sensitivity also decreased significantly (0.48 vs. 0.62), with an area under the curve (AUC) of 0.756 vs. 0.863, respectively [20] .
In conclusion, AFP-L3 could be a complementary biomarker for the early diagnosis of HCC, but additional studies that really confirm its usefulness are needed.
Des-γ-carboxy prothrombin
Des-γ-carboxyprothrombin (DCP), also known as prothrombin induced by vitamin K absence II (PIVKA II), is a molecule produced during the process of hepatocytes malignant transformation due to the fact that the vitamin K-dependent carboxylase system becomes impaired, for which it is increased in patients with HCC [21] . DCP sensitivity and specificity rate at the time of diagnosis were 74% and 86%, respectively, at a cut off of 40 mAU/mL and 43% and 100%, respectively, at a cut off of 150 mAU/mL; while for AFP it was 61% and 81% at a cut off of 20 ng/mL and 22% and 100% at a cut off of 200 ng/mL. Sensitivity and specificity were significantly reduced when determined 12 months before diagnosis, being 43% and 94%, respectively, for DCP and 47% and 75%, respectively, for AFP [8] .
In a case-control study, where controls were patients with compensated cirrhosis and patients with HCC, it was evaluated DCP and AFP-L3 as biomarkers for the early diagnosis of HCC. AUC for total AFP (0. 83 [9] . The cut off points used were 20 ng/mL for AFP, 10% for AFPL3 and 150 mAU/mL for DCP.
Nevertheless, there are some important differences between DCP and AFP; DCP is more specific for HCC because the underlying liver disease (e.g., chronic hepatitis C) can lead to an elevation of AFP but not of DCP. The DCP-positive and AFP-negative tumors show greater aggressiveness, larger size, less differentiation and vascular invasion, and in short, an early recurrence after curative treatments [22, 23] .
Along these lines, Hamamura et al. [24] compared survival among four groups of similar patients diagnosed with HCC based on AFP and DCP levels (A: AFP below 100 ng/mL and DCP below 0.0625 AU/mL; B: AFP greater than 100 ng/mL and DCP below 0.0625 AU/mL; C: AFP below 100 ng/mL and DCP above 0.0625 AU/mL; D: AFP greater than 100 ng/mL and DCP above 0.0625 AU/mL). The survival rates obtained after 3 years were 73.4%, 48.3%, 42.7% and 0%, respectively, while those values at 5 years were 53.5%, 25.9%, 0% and 0%, respectively, in a statistically significant way. Therefore, it can be concluded that patients with high levels of AFP and DCP have a lower survival, as well as those with high DCP only have a worse prognosis than those who do not.
Several studies have suggested that DCP may be involved in cell proliferation of neoplasic cells by acting as a growth factor. This may have important prognostic implications in the future, especially if combined with AFP [25, 26] .
Glypican-3
Glypican-3 (GPC3) is a member of the glypican family of glycosyl-phosphatidylinositol-anchored cell-surface heparan-sulfate proteoglycans. Its levels increase considerably in patients with HCC, while GPC3 is not detected in healthy liver tissue, so it has been identified as an useful tumor marker for HCC diagnosis [27] . Thus, in a recently published meta-analysis, sensitivity and specificity observed were of 0.53 (95% CI: 0.49-0.57) and 0.77 (95% CI: 0.74-0.81), respectively, with an AUC of 0.82 [28] . In addition, it seems to have a higher sensitivity than AFP, with similar specificity [29] , whereas their combination notably increase both sensitivity and specificity (98.5% and 97.8%, respectively) [30] . On the other hand, GPC3 is detectable in approximately one third of patients with HCC with normal AFP levels [16] .
With regard to early diagnosis, Libbrecht et al. [31] studied the expression of GPC3 in histopathological samples of HCC with less than or equal to 3 cm of diameter present in the cirrhotic liver (also analysing non-lesional tissue), low-grade and high-grade dysplastic nodules, and focal nodules of hyperplasia.
Immunohistochemical studies and real time reverse transcriptase-polymerase chain reaction for GPC3 were performed. The expression of GPC3 by both techniques was much higher in small HCC than in cirrhosis and other types of small focal lesions, with a sensitivity and specificity for the diagnosis of HCC in small focal lesions of 0.77 and 0.96, respectively, in resected cases, and 0.83 and 1, respectively, for needle biopsies. This may be due to the stimulation of growth induced by GPC3, which upregulates the autocrine/paracrine canonical Wnt signaling, with a strong increase in its expression in the transition from premalignant lesions to small HCC [32] . Since GPC3 acts as a growth factor in HCC, it could be a potential therapeutic target. Codrituzumab (GC33) is a recombinant, humanized monoclonal antibody that binds to human GPC3 with high affinity. The mechanism of the GC33-induced tumor growth inhibition is an antibody-dependent cellular cytotoxicity [33] . A phase I study have already shown its tolerability at doses of 20 mg/kg/week, with little response [34, 35] . In a randomized placebo-controlled phase II clinical trial conducted subsequently in patients with advanced HCC previously treated, codrituzumab showed no clinical benefit in this population [36] .
On the other hand, a GPC3 peptide vaccine that induces peptide-reactive cytotoxic T lymphocytes (CTLs) has also been tested, with a good response in mice, where it has shown to be able to induce a durable regression in GPC3 + tumors [37] . It has proven to be adequately tolerated in humans, maintaining radiological stability in most patients. In addition, the overall survival was significantly longer (12.2 months, 95% CI: 6.5-18.0) in patients with high CTL specific frequencies of GPC3 than in those with low frequencies (8.5 months, 95% CI: 3.7-13.1; P = 0.033) [38] . These results have been subsequently confirmed, but further studies are needed because of the small sample size of these trials [39] . Therefore, new therapies with GPC3 are being developed as a therapeutic target as well as a diagnostic marker, and new studies with a larger sample size are necessary. Finally, biomarkers can also be used to establish new treatment strategies, such as GPC3, but more studies and clinical trials to validate their response and to improve the prognosis are required.
SERPINB3
SERPINB3 (formerly known as squamous cell carcinoma antigen-1) is a Clade B Serine Protease Inhibitor physiologically found in the spinous and granular layers of normal squamous epithelium, such as tongue, lungs, uterus and others, while become overexpressed by neoplastic cells of these organs [40] . Recent studies showed that an aberrant expression of this protein also extends to cancers of other origin such as HCC [41] . In fact, while it is not detected in normal hepatocytes, its expression progressively increases during the progression of chronic liver disease and hepatic carcinogenesis.
Furthermore, it was recently confirmed that its expression correlates with that of TGF-B1 and that in fact, SERPINB3 contributes to TGFB1 overexpression and release [42] . So, far from its antiprotease activity, and its biomarker possibilities, SERPINB3 was suggested to be an oncoprotein in as much as it protects the cells from apoptosis and induces epithelial-mesenchymal transition, cell invasiveness and proliferation [43] . Lastly, it has been found that its overexpression induces chronic unfolded protein response and as a consequence, activation of NF-kB and production of IL-6 [44] . Besides, a knock-down of SERPINB3 produces an inhibition of tumor growth [45] .
In terms of circulating biomarker, it has been described that natural IgMs bind to several tumor antigens and create immunocomplexes, that in this case, showed a better diagnostic performance that the biomarker itself [46] . Accordingly, levels of circulating SCCA-IgM have been recently found to increase over time, being predictive of fibrosis progression in patients with chronic hepatitis [47] . Furthermore, it has been demonstrated that HCV-infected cirrhotic patients with low levels of serum SCCA-IgM have a decreased risk of developing HCC [48] . Eventually, Biasiolo et al. reported that SCCA-IgM, instead of AFP, was associated with the prediction of HCC-free survival in a prospective cohort [44] . . Numerous studies have shown the potential utility of circulating cancer byproducts detection from which we could extract molecular information about primary tumors [51] [52] [53] [54] . The liquid biopsy could be conducted in repeated samples providing accessible, accurate and dynamic information to evaluate the tumor status. These novel biomarkers are thought to have great potential and could provide individualized decision-making during HCC treatment, including the follow-up period; risk assessment, early cancer detection, treatment response or even prognostic outcome [53] [54] [55] [56] .
LIQUID BIOPSY OF HCC
CTCs
CTCs are spread by tumor malignant cells into peripheral blood in order to reach distal organs and eventually develop metastatic carcinoma [54] . Several studies have analysed the role of CTCs as a marker to predict survival, recurrence or treatment response in different kinds of tumors [53, 57, 58] . The presence of CTCs was reported for the first time in 1869 into the blood of a man with metastatic cancer [59] . However, there are some limitations about the use of CTCs due to the incapacity in detecting these cells during the earlier stages of the disease (cells are proportional to tumor volume or aggressive biology behaviour; the larger the tumor, the higher the CTCs-positive rate in the peripheral blood). Unfortunately the frequency of finding CTC in blood is 1 to 10 in a background of millions of blood cells in patients with metastatic disease [60] . In the last years, the major challenge for CTCs researchers has been to improve the sensitivity and specificity of CTCs purification in order to perform the molecular characterization of CTCs to ease the development of "accurate medicine"; a cancer management program.
The clinical relevance of CTCs detection in HCC patients has been deeply studied while CTCs isolation and enrichment technologies have emerged. The physical methods are based on the physical properties of CTCs such as size, density, migratory capacity and electric charge [61] . The biological methods are focused on antigen-antibody binding against tumor specific biomarkers such as epithelial cell adhesion molecule (EpCAM), CD133, CD90 and human epidermal growth factor receptor2 (Her2) among others [62, 63] . EpCAM is the most common antigen used for the CTCs isolation; it is the only one clinically validated and approved by the FDA. However, its use has been controversial due to the epithelial-mesenchymal transition (EMT) process that is characterized by the decreasing of epithelial markers expression and the acquisition of mesenchymal profile [64] . EpCAM mRNA+ CTCs enables to differentiate between HCC patients (advance and non-advance stage) and non-HCC with 42.6% sensitivity and 97% of specificity (AUC: 0.697). When combined with AFP level, the diagnostic value of CTCs was significantly improved and the AUC was 0.857 with a sensitivity of 73.0% and specificity of 93.4% [65] . In addition, these authors showed that most of the patients with an elevated CTC level at the time of disease imaging reassessment showed disease progression after TACE or radiotherapy, whereas patients with stable or deceasing CTC levels showed tumor remission or stable disease [65] .
Due to this fact, researchers suggested a combination of antibodies against a variety of surface markers on CTCs in order to avoid the loss of CTCs during the isolation. For this reason, the CTC-chip, based on the microfluidic procedure with higher sensitivity and specificity in CTCs purification (99.1% and specificity 100% of the CTC-chip across all five cancers; metastatic lung, prostate, pancreatic, breast and colon cancer), is standing out intensely in this field [66] .
CTCs detection in HCC patients has been reported in several studies [67, 68] . The numbers of CTCs were closely correlated with portal vein thrombosis, tumor infiltration, prognosis and Child-Pugh grade [61, 64, 69] . Most of the studies have shown that before liver resection or transplantation, tumor cells from the primary lesions were detached and threw into the blood being the early event of HCC metastases. Fan et al [69, 70] reported that the tumor recurrence after resection was associated with the number of CTCs detected, maybe because CTCs were still surviving into the blood [70] [71] [72] . However, the role of CTCs and HCC recurrence require further investigations. The enumeration and characterization of CTCs may become an indispensable biomarker for monitoring the efficacy of HCC treatments however, clinical application of CTC assay in HCC remains in the initial stage, especially in the field of early diagnosis.
Cell-free tumor associated DNA
Circulating cell-free DNA (cfDNA) is defined as extracellular DNA present in plasma or serum samples. cfDNA is released into circulation from cells that undergo metabolic secretion, apoptosis or necrosis. Cells are phagocytized by macrophages releasing digested DNA into the circulating system. Tumor cells are considered to be the major source of tumor-related cfDNA in blood of cancer patients [73, 74] . cfDNA is also detected in healthy patients but in patients suffering from cancer cfDNA carries tumor-specific genetic or epigenetic alterations, such as mutations, copy number variations, chromosomal rearrangements or DNA methylations among others [54] . Compared to tissue biopsy, circulating tumor DNA (ctDNA) may represent the entire molecular biology of the tumor and its qualitative and quantitative analysis might help to assess the biological characteristics of the tumor. Recently, several studies have demonstrated that ctDNA could be a non-invasive potential biomarker [54, 75] . ctDNA is highly specific and could be detected easier compared to CTCs purification, thus it could be an ideal source for the early diagnosis or as recurrence biomarker [76, 77] .
To study the ctDNA in plasma or serum two strategies are implemented: (a) measuring the quantity or (b) detecting tumor -specific genetic aberrations.
Several studies have shown that HCC patients have large amounts of cfDNA being these associated with the degree of malignancy (poorer prognosis) and size of the tumor size [77, 78] . Huang et al. [77] showed that plasma DNA detection was able to discriminate HCC from normal controls with 90.2% sensitivity and 90.3% specificity and AUC was 0.949 (95% CI) (measured by real-time quantitative PCR method). Moreover, plasma DNA and serum AFP revealed an elevated AUC of 0.974 with 95.1% sensitivity and 94.4% specificity in discriminating HCC from normal controls. Furthermore, the plasma DNA levels were positively associated with tumor size and vascular invasion (P = 0.012 and P = 0.035 respectively) [77] . However further studies are needed due to the controversial results related to the methodology used.
Changes of DNA mutations could play an important role in the carcinogenesis process [79] [80] [81] [82] . By now, several studies confirmed that TP53, EFGR, KRAS and APC are genes with common tumor specific mutations. The proportion of HCC patients with detectable ctDNA varies wildly between studies. Tumor suppressive gene TP53 mutations such as Ser249, were found present in 50% of HCC patients exposed to aflatoxin [83] . However, Ser249 of TP53, one of the most reported mutations in HCC patients, was also detected in non-cancer liver tissue of HCC, in plasma from healthy people, indicating that this mutation is not exclusive of HCC [84, 85] . In addition, rs894151 or rs12428080 were found significantly associated with a decreased overall survival and time to recurrence after liver transplantation [86, 87] . Using digital droplet PCR, ctDNA mutations in TERT promoter, CTNNB1 and TP53 could be detected in a higher rate (56%) compared to the use of NGS (20%). A recent pilot study of ultra-deep targeted sequencing of plasma DNA identifies driver mutations and it demonstrates how ultra-deep targeted sequencing of cfDNA in the plasma of HCC patients is a feasible, reliable and minimally invasive approach to interrogate HCC genetics and emerges as a promising tool for predictive biomarker development in HCC [88] . DNA methylation is also an important epigenetic aberration found in ctDNA with a great application in the diagnosis, prognosis, and effective evaluation of HCC. Another tumor suppressor gene, Ras association domain family protein 1A (RASSF1A) was found hypermethylated in 93% HCC patients compared to healthy people being this frequency similar to the one found in RASSF1A hypermethylation in HCC tumor tissues [89] . Moreover, the combination of several methylations has been postulated in order to improve the specificity and efficacy for the early diagnosis [90] . The plasma methylation levels of APC, GSTP1, RASSF1A, and SFRP1 were significantly higher in HCCs than those in normal or benign controls (P < 0.05). The combination of these four genes resulted in an increased AUC of 0.933 with 92.7% sensitivity and 81.9% specificity in discriminating HCC from normal control and GSTP1 hypermethylation was significantly correlated with elevated serum AFP levels (P = 0.026).
Finally, the clinical significance of ctDNA as a diagnostic and predictive biomarker in HCC patients should be further evaluated. ctDNA may be quite low and therefore below the limit of detection, especially in earlystage and indolent tumors. The improvement of different technics such as digital PCR and sequencing technologies provide us an effective way for the discovery of additional ctDNA markers [91, 92] .
Circulating non-coding RNA
In the context of liquid biopsy, non-coding RNA (ncRNA) is also included. The number of ncRNA genes is increasing due to the development of high-throughput RNA sequencing technology. They have a role in several physiological and pathological processes such as cancer. The main feature is their lack to codify for proteins. Depending on the length, ncRNAs could be classified into short or long ncRNAs with an arbitrary size cut-off at 200 bases of length, being the most known (a) the long-ncRNA (lncRNA) and (b) the microRNA (miRNA). lncRNAs function take place by different molecular mechanisms such as interactions with DNA, RNA and proteins and can be classified into oncogenic or tumor suppressive genes [93] [94] [95] [96] [97] [98] . Besides lncRNAs, miRNAs are endogenous small RNAs molecules with 20-25 bases of length. They are involved in multiple activities of mammalian cells like lncRNA but its function is to regulate gene expression through their binding to the 3´UTR of mRNAs and consequently degradation or translational suppression of targeted gene transcript [99] . Both lncRNAs and miRNAs are often deregulated in liver cancer and it has been reported the existence of circulating particle shape ncRNA in the peripheral blood. A group of ncRNA is packaged into small membrane vesicles called exosomes, binding to lipoprotein or other proteins in order to increase its stability [100] [101] [102] [103] . In fact, the possibility that circulating ncRNA could be useful as a biomarker in the context of HCC is raising. Interestingly, modified circulating levels of these RNAs were repeatedly found in HCC patients.
Circulating lncRNAs lncRNAs have emerged as important regulators of gene expression in many types of cancer including HCC [104, 105] . Alterations in expression of several lncRNAs have been recently reported in HCC.
Serum levels of lncRNA-uc003wbd and lncRNA-AF085935 were found upregulated in HCC and HBV patients compared to controls, showing that both lncRNAs could be potential biomarkers for HCC and HBV screening (P < 0.001). HCC patients compared with normal group showed an AUC value for lncRNAuc003wbd: 0.86 (95% CI: 0.82-0.91) and for lncRNA-AF085935 was 0.96 (95% CI: 0.93-0.99). Authors suggest that both lncRNAs may serve as potential biomarkers for the detection of HCC and HBV [106] . Long intergenic non-protein coding RNA 974 (Linc00974F-1) was increased in serum of HCC patients and it was useful as a tumor marker to improve the prognosis of HCC. The combination of Linc00974F-1 and CYFRA21-1 showed an AUC: 0.866, indicating a significant predictor of tumor growth and metastasis [107] . In addition, SPRY4-IT1 expression was upregulated in the plasma from HCC patients suggesting this one to be a good diagnostic biomarker. Combination of SPRY4-IT1 and AFP (the cut-off value of AFP was at 200 ng/mL) possessed a moderate ability for discrimination between HCC patients and controls; the area was equal to 0.80 [108] . Highly upregulated in liver cancer (HULC) lncRNA has been implicated in the regulation of hepatoma cell proliferation, since it induces HCC cells to activate EMT and then promotes tumor progression and metastasis through the miR-200a/ZEB1 signalling pathway [109] . Furthermore, HULC lncRNA was upregulated in the plasma of HCC patients compared to healthy controls (HULC was detected in 63% (19/30) of the HCC patients and 10% in the healthy control group (2/20) and with a positive correlation to Edmondson grades (the detection rates were 14%, 62%, and 100% for Edmondson grades I-II, II-III, and III-IV, respectively) [110] . The lncRNA DANCR activates the Wnt pathway, one of the most important pathways responsible of HCC development [111] . DANCR was up-regulated in tumor tissues and plasma of patients with HCC, and its expression was highly correlated with microvascular and liver capsule invasion of HCC. The results showed that AUC for plasma DANCR was 0.868 which was higher than that for AFP (AUC = 0.744) when differentiating patients with HCC from non-HCC patients [112] . Besides these circulating lncRNAs, JPX, UCA1 and WRAP53 were found increased in HCC patients [106, 113, 114] alone or in combination with other lncRNAs, miRNAs or serum biomarkers [115] . Many reports have indicated that the deregulation of lncRNAs plays important roles in occurrence and progression of HCC however further studies are needed in order to use these as biomarkers.
Circulating miRNAs
Numerous studies have shown that circulating miRNAs are closely associated with tumor development and progression. In spite of these findings, miRNAs are considered good biomarkers for differentiating between HCC and healthy people.
For instance, miR-122 is a liver-specific miRNA whose role is to maintain the liver homeostasis. The loss of its expression contributes to the malignant phenotype of HCC cells and it has been described as the miRNA responsible to develop HCC in HCV infection [116] . However, controversial results about miR-122 were reported due to the underlying aetiology and active ongoing necroinflammatory changes. miR-122 was found significantly downregulated in HBV-related HCC [117] and Xu et al. [118] found it increased in serum from patients with HCC and chronic hepatitis B together with miR-21 and miR-223. A positive linear correlation was present between serum ALT and serum miR-122 levels in mouse models of alcoholic liver disease (r = 0.893; P < 0.001) [100] and it was postulated to be a key regulator of alpha-fetoprotein expression and it could influence the aggressiveness of the HCC in an in vitro model [119] . Using panels of miRNAs may provide a high diagnostic accuracy of HCC regardless of the disease status, and it can also differentiate HCC from healthy controls and chronic liver injury [120, 121] . These were hsa-miR-206, hsa-miR-141-3p, hsamiR-433-3p, hsa-miR-1228-5p, hsa-miR-199a-5p, hsa-miR-122-5p, hsa-miR-192-5p, and hsa-miR-26a-5p. The diagnostic accuracy using these miRNAs, as measured by AUC, was 0.665, 0.68, 0.607, 0.534, 0.609, 0.729, 0.69 and 0.677, respectively [120] . Ali et al. [121] showed that miR-122, miR-21 and miR-222 had the highest sensitivity and specificity, in discriminating HCC from healthy controls (miR-122: 94.3% and 92.9% respectively; miR-21: 80% and 92.9% respectively, and miR-222: 82.9% and 78.6%, respectively).
Another study demonstrated that serum miR-122, miR-885-5p, miR-221, miR-22 in association with AFP showed a high diagnostic accuracy for early detection of HCC in a cohort of cirrhotic patients (AUC = 0.982), in the meantime that miR-122, miR-885-5p and miR-29b in association with AFP showed a high diagnostic accuracy for early detection of HCC in general population (AUC = 1) [122] . The combination of lncRNA and miRNAs has been also studied. lncRNA-CTBP, miR-16-2, miR-21-5p and LAMP2 had high sensitivities (91%, 92.3%, 93.6% and 92.3% respectively) for discriminating HCC from healthy subjects and also from chronic hepatitis C patients (75%, 88.9%, 88.9% and 94.9% respectively) [123] . miR-224 was highly expressed in HCC tissue and plasma, and after surgery the levels were normalized suggesting that miR-224 could reflect tumor dynamisms. There was an association between plasma miR-224 level, tumor size (P = 0.0005) and the incidence of recurrence (P = 0.0027). However no significant correlation were found with AFP serum levels [124] .
In addition, miR-21 was found upregulated in plasma from HCC patients compared to healthy volunteers. The combination of miR-21 and AFP increased its diagnostic value (more than 90%) suggesting its potential use as a biomarker of HCC diagnosis [125] . A systematic review and meta-analysis concluded that circulating miRNAs, particularly miR-21 and miR-122 are promising biomarkers for the early diagnosis of HCC [126] . In addition, miR-21 (oncogene) and miR-182 (tumor suppressor gene) were related with the development of metastasis [127, 128] . Due to the diversity showed in the results, numerous profiling studies are ongoing in order to report miRNA profiles based on sequencing microarrays to examine circulating miRNAs as HCC-associated biomarkers.
Tumor-associated circulating microparticles
Large cells membrane-derived extracellular vesicles (EVs), known as microparticles (MPs) and microvesicles (MVs), have been reported to play a role in the horizontal communication between cells [129] . Hepatocytes secrete exosomes, MPs and MVs, and their production can change quantitatively and qualitatively in response to cellular stimulation and under different disease conditions [130] . It was shown that tumors prepare their own tumor niches via the release of EVs including a possible suppression of the immune system and the activation of tumor neo-angiogenesis [131] . MPs are between 100 and 1000 nm in size and bear on their surface the antigenic markers of the parent cell. They are formed and released during cellular activation or in early stages of apoptosis into the extracellular space. MPs can be isolated from whole blood, plasma and serum [132] . Proteomic analysis revealed the presence of ~251 proteins in EVs derived from primary rat hepatocytes [133] . Something that we have to be in account is that exosomes do not carry cell surface markers of their origin cells however MPs carry the surface signature of their cell of origin and the quantification of MP subsets using FACS sorting allows a non-invasive assessment of cell specific pathologies. Nowadays, there are many studies which focus is to identify the most efficient surface markers of tumor associated MPs (taMPs) and liver disease [134] [135] [136] .
A recent study showed that EpCAM and CD147 double positive taMPs could be a biomarker to compare colorectal carcinoma (CRC), non-small cell lung carcinoma (NSCLC) and pancreas carcinoma with healthy subjects. In all three types of tumor entities, EmCAM+CD147+ taMPs were found increased (AUROC: 0.8597, 0.8700 and 0.9000 respectively) indicating cancer presence. In addition, EpCAM+CD147+ taMPs were significantly correlating with CRC tumor volume (r = 0.7288, P < 0.0001). Furthermore, EpCAM+ taMPs were found decreased after tumor resection in serum of CRC patients suggesting a close dependence with tumor presence [134] . They conclude that EpCAM+ and EpCAM+CD147+ taMPs might serve as an early indicator of cancer growth and monitor successful anti-tumour therapy and might be used as important liquid biopsy tool to differentiate between therapy responders and non-responders [134] .
Regarding HCC the role of circulating MPs as potential biomarkers is under intensive investigation. Abbate and colleagues showed that HepPar1-MPs are increased in the blood of subjects with HCC compared to subjects with only liver cirrhosis or healthy livers (P < 0.01). An additional interesting finding of this study was the association between HepPar1+ MPs and the early recurrence of HCC after liver resection. HepPar1+ MPs, measured before liver resection, were significantly more numerous in the blood of subjects which displayed recurrence (P = 0.021) [135] . Additionally, other study reported that MPs profiling for distinct MPs populations that are associated with chronic liver diseases robustly discriminates between chronic HCV infection and non-alcoholic fatty liver disease [136] . Julich-Haertel et al. [137] successfully differentiated HCC and cholangiocarcinoma (CCA) from chronic diseases without liver tumours base on MPs profile. AnnexinV+ EpCAM+ CD147+ taMPs were increased in HCC and CCA. Moreover, AnnexinV+ EpCAM+ ASGPR1+ taMPs allowed to differentiate between liver cancer (HCC or CCA) and cirrhosis from tumour-free individuals (sensitivity 75% and specificity 47%) [137] . AnnexinV+ EpCAM+ ASGPR1+ taMPs were increased in liver cancer and decreased after liver resection indicating the powerful diagnostic accuracy (P < 0.05) and these MPs were correlated "moderately" with liver tumos diameters (r = 0.56, P > 0.001). However, no significant correlation between AFP levels, tumour diameter and AnnexinV+ EpCAM+ ASGPR1+ taMPs was found [137] .
The evidence about the hypothesis that taMPs populations could be used as a novel liquid biopsy tool to identify and discriminate liver tumours in patients with cirrhosis and their use as diagnostic and responder biomarkers need further studies.
CONCLUSIONS
In conclusion, nowadays the early diagnosis of HCC is difficult, despite being of vital importance for an adequate treatment and the consequent improvement of survival in these patients. However, no single biomarker represents an optimum sensitive and specific tool for this purpose.
Therefore, a study has been recently published in which several biomarkers (AFP, AFP-L3 and DCP) were combined to validate two statistical models for the early diagnosis and prognosis of HCC (GALAD and BALAD-2, respectively). Thus, GALAD discriminated patients with HCC from those with other hepatobiliary cancers with an area under the ROC curve (AUROC) value of 0.95, lower in case of small unifocal HCC (0.85-0.95). On the other hand, BALAD-2 established 4 different groups depending on the prognosis [138] . In addition, there are many other biomarkers that are under study to check their utility in the management of this disease, such as golgi protein-73, osteopontin, soluble urokinase plasminogen receptor activator, etc.
The utility of the current blood molecular biomarkers included in the context of liquid biopsy, are promising as diagnostic, therapeutic and/or prognostic markers for HCC. Regarding this, a liquid biopsy could give us information about the genetics and epigenetics alterations present in the tumor showing great advantages compared to tissue biopsies; it is a non-invasive method to determine the molecular biology of the tumor as well as the feasibility of taking samples in order to monitorize the tumor state in real time. However, due to the lack of standardized technical approach, data is quite different among various studies. With the standardization of effective methods, liquid biopsy biomarkers alone or in combination with conventional serum biomarkers might serve as promising diagnostic, prognostic, therapeutic monitoring and risk assessment of HCC.
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